12 United States Patent

Clayton et al.

US009264493B2

(10) Patent No.: US 9.264.493 B2
45) Date of Patent: *Feb. 16, 2016

(54) ASYNCHRONOUS PAUSING OF THE
FORMATION OF CONSISTENCY GROUPS

(71) Applicant: International Business Machines
Corporation, Armonk, NY (US)

(72) Inventors: Nicolas M. Clayton, Warrington (GB);
Joshua J. Crawford, Tucson, AZ (US);
Theodore 1. Harris, Jr., Tucson, AZ
(US); Carol S. Mellgren, Tucson, AZ
(US); Gail A. Spear, Tucson, AZ (US);
Matthew J. Ward, Tucson, AZ (US)

(73) Assignee: INTERNATIONAL BUSINESS
MACHINES CORPORATION,
Armonk, NY (US)

( *) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent 1s subject to a terminal dis-
claimer.

(21) Appl. No.: 14/701,504
(22) Filed: Apr. 30, 2015

(65) Prior Publication Data
US 2015/0237133 Al Aug. 20, 2015

Related U.S. Application Data

(63) Continuation of application No. 14/072,727, filed on

Nov. 5, 2013, which 1s a continuation of application
No. 13/765,632, filed on Feb. 12, 2013, now Pat. No.

0,063,997,
(51) Int. Cl.
GoOol 3/06 (2006.01)
HO4L 29/08 (2006.01)
(52) U.S.CL
CPC ............ HO4L 67/1095 (2013.01); HO4L 67/16
(2013.01)
28

(38) Field of Classification Search
CPC ... HO4L 67/1095; HO4L 67/16; GO6F

17/30578; GO6F 3/065; GO6F 3/06; GO6F
3/0604; GO6F 3/067; GO6F 11/2064
USPC .......... 711/162, 112, 114, 156; 707/613, 645,
70°7/649
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,484,187 Bl * 11/2002 Kern et al.
7,089,446 B2 8/2006 Boyd et al.

(Continued)
OTHER PUBLICATIONS

Office Action dated Sep. 11, 2014, pp. 9, for U.S. Appl. No.
13/765,632, filed Feb. 12, 2013.

(Continued)

Primary Examiner — Stephen Elmore

(74) Attorney, Agent, or Firm — David W. Victor; Konrad
Raynes Davda & Victor LLP

(57) ABSTRACT

Provided are a computer program product, system, and
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receiving a resume command.

21 Claims, 5 Drawing Sheets

Primary Site 8

First Gantroller

14

A
First Storage

e
48

122
"]
Copy
Manager \
Consistency Session %6 Thost 162
Information w
Functions

Source Datal

~— 1

20

secondary Site 8

Second Controller
~— 12b

‘ Copy Manager |

< Storage

FirEt Data ah DSEngd
0py é Py
s ity

Additional First 4
Data Copy :

~—

E\/g

\

~~10b

Host 16b
Copy \
18b Functions

Network

s iy
Third Site -~ 8
Third Controller
Vs 12¢

‘ Copy Manager I

BC

(il Storage_3
o~ be
Additional
External Copies

—




US 9,264,493 B2
Page 2

(56)

7,133,982
7,475,099
7,536,523
7,571,292
7,657,782
7,705,187
7,870,423
8,027,951
8,433,680
8,433,800
8,548,949
8,554,737
8,825,603
9,063,997
2004/0260896
2007/0233981
2014/0108750

References Cited

U.S. PATENT DOCUMENTS

B2
B2
B2
B2 *
B2
B2 *
B2
B2
B2
B2 *
B2
B2
B2
B2 *
Al
Al
Al

11/2006
1/2009
5/2009
8/2009
2/201
7/201
1/201
9/201
4/201
4/201

10/201

10/201
9/201
6/2015

12/2004

10/2007
4/2014

I e ) L ) = e O O

Werner et al.
Doatmas et al.

Yagawa et al.
McClure

Das et al.

Bergant et al.

Takahasi et al.
Doatmas et al.

Ling et al.
Inoue et al. ...

ttttttt

711/162

tttttttttttttttt

................ 707/614

**************** 711/162

Jennas, II et al.
Jennas, II et al.

Harris et al.
Clayton et al.
Werner et al.

Arakawa et al.
Brown et al.

................ 711/162

2014/0108751 Al 4/2014 Brown et al.
2014/0108752 Al 4/2014 Brown et al.
2014/0195751 Al 7/2014 Lahousse et al.
2014/0229434 Al 8/2014 Clayton et al.
2014/0229694 Al 8/2014 Clayton et al.
OTHER PUBLICATIONS

Response dated Dec. 11, 2014, pp. 9, to Office Action dated Sep. 11,

2014, pp. 9, for U.S. Appl. No. 13/765,632, filed Feb. 12, 2013.
Notice of Allowance dated Feb. 17, 2015, pp. 12, for U.S. Appl. No.
13/765,632, filed Feb. 12, 2013.

Preliminary Amendment filed Nov. 5, 2013, pp. 6, for U.S. Appl. No.
14/072,727, filed Nov. 5, 2013.

Notice of Allowance dated Apr. 22, 2015, pp. 21, for for U.S. Appl.
No. 14/072,727, filed Nov. 5, 2013.

Notice of Allowance dated Jul. 6, 2015=31, pp. 11, for for U.S. Appl.
No. 14/072,727, filed Nov. 5, 2013.

* cited by examiner



U.S. Patent Feb. 16, 2016

/2
Primary Site

84
First Controller

123
Gopy
Manager
14

Consistency Session
Information

b
Secondary Site

Copy Manager
bh

First Data | 4, Second
Copy I Data Copy
Additional First
Data Copy “

ik}

CD

Second Controller .
12b

Sheet 1 of 5 US 9,264,493 B2

ba

First Storage
4a

18¢

0a

]
Host 162
Copy
Functions

Ob

]
Host 16b
Copy
Functions

18b

Qeon

2C

Third Site
Third Controller

12¢
Copy Manager

Third Storage

de
Additional
External Copies

FIG. 1



U.S. Patent Feb. 16, 2016 Sheet 2 of 5 US 9,264,493 B2

100 102 104 106 108 110 117
- Change | Out-of- | Point-in-Time -
onwtency | Soutce | gt Recording | Syneh | Copy | P | e
(CR) Info | (OOS) Info| Indicator

Consistency Group Information

FIG. 2

130

Receive from host asynchronous pause with
consistency command for a consistency group.

137

Set the pause flag for the consistency group.

134

Indicate the host that sent the pause with consistency command.

136

Return complete to customer.

FIG. 3



U.S. Patent Feb. 16, 2016 Sheet 3 of 5 US 9,264,493 B2

Initiating an operation to form a consistency group and synchronize 120
data to a first data copy and create a PiT copy in a second data copy.

Perform a first copy operation to copy source data indicated in the 005 157
bitmap from a first storage to a first data copy in the second storage.

While copying the source data to the first data copy, indicate LA

updates to the source storage in a change recording bitmap.

Does
00S bitmap indicate all source

iod?
data copied: 158

Yes

Initiate a second copy operation (point-in-time copy) to FIG. 4
copy the first data copy to a second data consistent as -
of the point-in-time of the first data copy.

Recelve confirmation second (PIT) 160

copy operation completed.

169 164

Has the
pause flag been
set?

No Merge the CR into the 0O0S bitmap to perform
the first copy operation to form another
consistency group and reset the CR bitmap.

Suspend the first copy operation. 166

Merge the CR into the 00S bitmap and all updates to source 163
data during suspension indicated in the 003 bitmap.

Yes

Notify the host that sent the pause command that the 170
replication operations are suspended.




U.S. Patent Feb. 16, 2016 Sheet 4 of 5 US 9,264,493 B2

180

Recelve the resume command.

184

Clear the pause flag to indicate no pause.

186

(o to FIG. 4 to Initiate the first copy operation

to copy data indicated in the 003 bitmap to
the first data copy as a new consistency group.

FIG. 5




US 9,264,493 B2

Sheet 5 of 5

Feb. 16, 2016

U.S. Patent

(S)991A8(]

9 94 BLIgN]

3le

18)depy yIom)aN ES%%QE_
1£42
(e
30t
It 1¢
483 Juf)
E gUISSa2014
WI3]SAS
35e10]S e
AV
cle Alows|\ 01¢
90t W81SAS Jayndwioy
“
00¢ 708

0¢t



US 9,264,493 B2

1

ASYNCHRONOUS PAUSING OF THE
FORMATION OF CONSISTENCY GROUPS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/072.,727, filed Nov. 5, 2013, which 1s a
continuation of U.S. patent application Ser. No. 13/765,632,
filed Feb. 12, 2013, and which 1ssued as U.S. Pat. No. 9,063,

997 on Jun. 23, 2015, which applications are incorporated
herein by reference 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a computer program prod-
uct, system, and method for asynchronous pausing of the
formation of consistency groups

2. Description of the Related Art

In a storage environment, production volumes at a primary
storage site may be copied to volumes 1n a secondary storage
site to provide redundant copies of data. In the International
Business Machine Corporation’s (“IBM”) Global Mirror,
data 1s asynchronously copied from the primary storage site
to the secondary storage site. Data may be copied in consis-
tency groups, such that copied data i1s consistent as of a
point-in-time to a first copy of the data at the secondary site.
In a consistency group, the order of dependent writes 1s pre-
served 1n the copying of the data.

The target data, or first copy, at the secondary site, to which
the source data at the primary storage site 1s copied, may be
copied to a second copy of the data at the secondary site using
a pomnt-in-time (“P11”) copy techniques, such as the IBM
FlashCopy® (FlashCopy 1s aregistered trademark of IBM) In
this way the target data (first copy) 1n the copy relationship
with the source data at the primary site becomes the source
data for the P1T copy to the second copy. In other implemen-
tations, such as IBM Global Copy, the second copy may be in
a third site.

Customers that want to create additional copies of the
target data at the secondary site, may perform a fast reverse
restore operation, where replication from the primary to the
secondary site 1s suspended and a reverse FlashCopy 1s made
from the second copy back to the first copy, wiping out any
newer data recetved at the first copy since the point-in-time of
the second copy. After the reverse FlashCopy 1s made back to
the first data copy, the customer may then make additional
copies from the reversed first data copy.

SUMMARY

Provided are a computer program product, system, and
method for asynchronous pausing of the formation of consis-
tency groups. A {irst copy operation 1s mitiated to copy source
data from a first storage to a first data copy 1n a second storage.
A second copy operation 1s initiated to copy the first data copy

in the second storage to a second data copy in response to
forming a consistency group of the source data at the first data
copy forms consistent as of a point-in-time with respect to the
source data. The first copy operation 1s suspended to allow for
turther processing of the first data copy 1n response to com-
pleting the second copy operation. The formation of a next
consistency group 1s restarted between the source data and the
first data copy 1n response to receiving a resume command.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an embodiment of a storage replication
environment.
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2

FIG. 2 1llustrates an embodiment of consistency session
information.

FIG. 3 illustrates an embodiment of operations to process a
pause with consistency command.

FIG. 4 illustrates an embodiment of operations to form a
consistency group.

FIG. § 1llustrates an embodiment of operation to process a
resume command.

FIG. 6 1illustrates a computing environment 1n which the
components of FIG. 1 maybe implemented.

DETAILED DESCRIPTION

Described embodiments provide techniques for processing,
a pause with consistency command that allows a host to pause
the formation of consistency group to allow a program or
customer at the host to create additional copies of the target
copy of the source data at the secondary site. Once the cus-
tomer has completed creating the additional copies, the rep-
lication of the data from the source data to the target data may
continue to form additional consistency groups. This allows a
host to pause the formation of consistency groups at a point
where the target data 1s consistent as of a point-in-time.

FIG. 1 1llustrates an embodiment of a data replication
environment having a primary site 2a, a secondary site 25,
and a third site 2¢. Source data 4a maintained 1n a first storage
6a 1n the primary site 2a may be replicated to a target first data
copy 4b 1n a second storage 6b using a {irst copy operation,
where data 1s synchronized to a second data copy 4¢. The first
data copy 60 1n the second storage 45 may be copied to a
second data copy 4c¢ in the second storage 65 as part of a
second copy operation, such as a point-in-time (“P11T”") copy
operation, ¢.g., FlashCopy, snapshot, etc. Further, one or
more additional first data copies 4d may be made from the
first data copy 45 1in the manner described below 1n the second
storage 66 and to additional external copies 4e at a third
storage 6c¢ at the third site 2¢. The data 4a, 4b, 4¢, 4d, 4e may
comprise volumes or other units of data. The first copy opera-
tion may be part of a consistency session where data 1s rep-
licated from the source data 4a to the first data copy 46 1n
consistency groups consistent as of a point-in-time.

A P1T copy operation replicates data in a manner that

appears instantaneous and allows a process to continue
accessing the source volume while actual data transfers to the
copy volume are deferred to a later time. The point-in-time
copy appears instantaneous because complete 1s returned to
the copy operation 1n response to generating the relationship
data structures without copying the data.
The sites 2a, 2b, 2c may further include first 8a, second 85,
and third 8¢ controllers to manage Input/Output (I/O) access
to the corresponding storages 6a, 65, and 6¢. Hosts 10a, 105,
which may be located within the sites 2a, 2b, 2¢ or external
thereto may 1mitiate consistency sessions to copy source data
da to a first data copy 4b and further make a P1T copy of the
first data copy 4b to the second data copy 4c¢ as well as to
additional data copies 4d, 4e. The hosts 10a, 106 may further
iitiate I/0 requests against the data 4a, 45, 4c, 44, 4e.

The controllers 8a, 85, 8¢ may include a copy managers
12a,12b, 12¢, respectively, to manage the copy operations of
the source data 4a to the first 46 and second 45 data copies
between the storages 6a, 6b, 6¢. The copy manager 12a main-
tains consistency session information 14 having information
about volumes or data sets for which consistency groups are
being formed of the source data 4q at the first data copy 45 and
second data copy 4¢ as part of a consistency session. A con-
sistency group comprises a copy of the data that 1s consistent
as of a point-in-time, such that data 1s copied 1n a manner to
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maintain consistency across all dependent data, so that the
order of dependent writes 1s preserved to make the data con-
sistent as of the point-in-time of the consistency group.

In an alternative embodiment, the second data copy 4c may
be at the third storage site 2¢. Further, the copy manager 126 5
may switch to synchronous copy and suspend the data copy
process to the second data copy 4¢ to make the sure the data
reaches the second data copy 4¢ and 1s not modified.

The storages 6a, 6b, 6¢c may store tracks 1n a Redundant
Array of Independent Disks (RAID) configuration where 10
strides of tracks are written across multiple storage devices
comprising the storages 6a, 6b, 6¢. The storages 6a, 6b, 6¢
may each comprise one or more storage devices known in the
art, such as interconnected storage devices, where the storage
devices may comprise hard disk drives, solid state storage 15
device (SSD) comprised of solid state electronics, such as a
EEPROM (Electrically Erasable Programmable Read-Only
Memory), flash memory, flash disk, Random Access Memory
(RAM) drive, storage-class memory (SCM), etc., magnetic
storage disk, optical disk, tape, eftc. 20

The network(s) 18a, 185, 18¢ may comprise a network
such as one or more interconnected Local Area Networks
(LAN), Storage Area Networks (SAN), Wide Area Network
(WAN), peer-to-peer network, wireless network, etc. Further
the network 18a, 185, 18¢c may be further implemented in 25
additional networks.

FIG. 2 1llustrates an instance of consistency session infor-
mation 14a included in the consistency session iformation
14 maintained for one consistency session, including a con-
sistency session identifier (ID) 100, source identifier (ID) 30
102, such as the volume identifier, from which consistency
groups are being formed for the consistency session; target 1D
104, such as the target volume 1dentifier, to which the source
data, e.g., volume, 1s copied; change recording information
106, such as a bitmap, indicating updates to the source datada 35
in the consistency session that occur while data i1s being
copied from the source data 4a to the first data copy 4b;
out-of-synch (00S) mformation 108, such as a bitmap, indi-
cating updates that occurred to the source data 4a that are to
be copied to the first data copy 45 to form a next consistency 40
group; a point-in-time copy indicator 110 indicating if a point
in time copy of the target data at the target 1D 104 1s to be
made to the second data copy 4b; a pause flag 112 indicating
whether a host 10a, 105 has requested that the formation of
consistency groups be paused while the host performs opera- 45
tions with respect to the first data copy 4b, such as creating
additional data copies 44, 4e, e.g., additional P1T copies; and
a pausing host 114 indicating the host 10a, 105 that sent the
pause with consistency command. The pausing host 114
information may include a callback function to notity the host 50
when the copy manager 12a has satisfied the requested pause.
The hosts 10a, 1056 may create additional data copies 4d, 4e
for testing or other purposes.

In one embodiment, the copy functions 16a, 165 are
capable of 1ssuing a pause with consistency command to 55
instruct the copy manager 12a to pause the synchromization of
source data 4 1in a consistency session upon forming a con-
sistency group between the source data 4a and the first data
copy 4b so that the host 10a, 106 may make additional copies
dd, de, such as additional P1T copies, of the first data copy 4b 60
at the time at which the last consistency group was formed.
The pause with consistency command may indicate the con-
sistency session, the host or process mnitiating the command,
and other information used to process the command. The
pause with consistency command causes the copy manager 65
12a to pause or cease forming the next consistency group,
which could overwrite the consistency group completed at

4

first data copy 44 that the host 10a, 1056 wants to further
process, such as making additional copies 4d, 4e or perform-
ing other operations with respect to the first data copy 4a. The
pause with consistency command and subsequent additional
copies 4d, 4e created after the consistency group formation 1s
formed may be initiated by a customer at the host 10a, 106 or
a process executing in the host 10a, 105.

FIG. 3 1llustrates an embodiment of operations performed
by the copy program 12a to process a pause with consistency
command from one of the hosts 10a, 105. Upon recerving (at
block 130) a pause with consistency command for a consis-
tency session, the copy manager 12a sets (at block 132) the
pause flag 112 for the consistency group 100 (FIG. 2) speci-
fied 1n the pause with consistency command. The copy man-
ager 12a indicates (at block 134) in the pausing host 114
information the host 10a, 105 that sent the pause with con-
sistency command as indicated. The copy manager 14 returns
(at block 136) complete to the host 10a, 105 or customer that
sent the pause with consistency command to indicate the
pause command was processed. The command may be
received and the operations of FIG. 3 performed while the
copy manager 12a 1s 1n progress of synchronizing data indi-
cated 1n the OOS information 108 between the source data 4a
and the target first data copy 4b.

FIG. 4 1llustrates an embodiment of operations performed
by the copy manager 12a to copy the source data 44 to the first
copy data 4b to synchronize the source data 4a at the second-
ary site 2a. Upon mitiating (at block 150) an operation to form
a consistency group, as part of a consistency session 14a,
among the source data 4a and first data copy 4b and second
data copy 4c, the copy manager 12a performs (at block 152)
a {irst copy operation, such as a synchronization operation, to
copy the source data 4a indicated 1n the OOS information 108
from the first storage 6a to the first data copy 45 in the second
storage 6b. While copying the source data 4a to the first data
copy 4b, the copy manager 124 indicates (at block 154) new
updates to the source data 4a 1n the change recording infor-
mation 106 for the consistency session 14a.

If (at block 156) the OOS information 108 indicates that
there 1s further source data 4a to copy in the consistency
group, then control proceeds back to block 154 to continuing
copying the source data indicated in the OOS information 108
and 1ndicate new updates in the change recording information
106. After all the source data 4a indicated 1n the OOS infor-
mation 108 1s copied, then the copy manager 12a initiates (at
block 158) a second copy operation, €.g., a point-in-time
copy, to copy the first data copy 4bH to the second data 4c¢
consistent as of the point-in-time of the first data copy 4a, to
provide a P1T copy of the consistency group at second data
copy 4b formed between the source data 4a and the first data
copy 4b. The copy manager 12a may coordinate with copy
manager 125 to perform the second copy operation.

Upon recerving (at block 160) from the copy manager 125
confirmation that the second (P1T) copy operation of the
second data copy 4¢ completed, if (at block 162) the pause
flag 112 1s not set to indicate to pause forming consistency
groups, then the copy manager 12a merges (at block 164) the
change recording information 106 into the OOS information
108 and then restarts the first copy operation to form another
consistency group. The change recording information 106
may be reset. If (at block 162) the pause flag 112 1s set to
indicate pause, then the copy manager 12a suspends (at block
166) performing the first copy operation to form another
consistency group between the source data 4a and the first
data copy 4b. The change recording information 106 may be
merged (at block 168) 1into the OOS information 108 for the

next consistency group and during the suspend any new
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updates are indicated 1n the OOS information 108 so they will
be included in the consistency group formed after the suspend
1s removed. The copy manager 12a may notily (at block 170)
the host 10a, 105 that sent the pause with consistency com-
mand that replication operations are suspended between the
source data 4a and first data copy 4b. Upon receiving the
notification of the pause, the customer or program at the host
10a, 105 that sent the pause command may then begin making
copies of the first data copy 4b, such as the additional data
copies 4d and the additional external copies 4e at the third site
2c, or performing other operations with respect to the first
data copy 4b.

Although the second copy operations of FIG. 4 were
described with respect to a PiT copy operation, the second
copy operation to the second data copy 4¢ comprise a differ-

ent type of copy operation than a PiT copy, such as a full copy
of all the data.

FI1G. 5 illustrates an embodiment of operations performed
by the copy manager 12a upon receiving the resume com-
mand from a host 10aq, 105 that mitiated the pause with
consistency command while the consistency session 1s
paused. The host 10a, 105 may issue the resume command
after completing forming additional copies 4d, 4e from the
first data copy 4b. Upon recerving (at block 180) the resume
command, the copy manager 12a clears (at block 184) the
pause tlag 112 to indicate there 1s no pausing and executes (at
block 186) the operations of FIG. 4 to form a next consistency
group {rom the source data 4a indicated 1n the OOS 1nforma-
tion 108.

Described embodiments provide techmques to pause the
formation of consistency groups for a consistency session to
allow a customer to create additional copies 4d, 4e of the
synchronized copy of the first data copy 4a as of the point-
in-time of the last formed consistency group for testing or
other purposes.

The described operations may be implemented as a
method, apparatus or computer program product using stan-
dard programming and/or engineering techniques to produce
software, firmware, hardware, or any combination thereof.
Accordingly, aspects of the embodiments may take the form
of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and hard-
ware aspects that may all generally be referred to herein as a
“circuit,” “module” or “system.” Furthermore, aspects of the
embodiments may take the form of a computer program prod-
uct embodied 1n one or more computer readable medium(s)
having computer readable program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory ), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain or store
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a program for use by or in connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that 1s not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or 1n connection with an 1nstruction execution system.,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written 1n any com-
bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone soitware package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the tlowchart i1llustrations and/
or block diagrams, and combinations of blocks 1n the flow-
chart illustrations and/or block diagrams, can be i1mple-
mented by computer program instructions. These computer
program 1nstructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-

cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program istructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored 1n the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the mstructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified 1in the flowchart
and/or block diagram block or blocks.
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The computational components of FIG. 1, including the
controller 8a, 85, 8¢, copy managers 12a, 125, and hosts 10a,
106 may be implemented 1n one or more computer systems,
such as the computer system 302 shown 1n FIG. 6. Computer
system/server 302 may be described 1n the general context of
computer system executable instructions, such as program
modules, being executed by a computer system. Generally,
program modules may include routines, programs, objects,
components, logic, data structures, and so on that perform
particular tasks or implement particular abstract data types.
Computer system/server 302 may be practiced 1n distributed
cloud computing environments where tasks are performed by
remote processing devices that are linked through a commu-
nications network. In a distributed cloud computing environ-
ment, program modules may be located 1n both local and
remote computer system storage media including memory
storage devices.

As shown 1 FIG. 6, the computer system/server 302 1s
shown 1n the form of a general-purpose computing device.
The components of computer system/server 302 may include,
but are not limited to, one or more processors or processing,
units 304, a system memory 306, and a bus 308 that couples
various system components including system memory 306 to
processor 304. Bus 308 represents one or more of any of
several types of bus structures, including a memory bus or
memory controller, a peripheral bus, an accelerated graphics
port, and a processor or local bus using any of a variety of bus
architectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (IMCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

Computer system/server 302 typically includes a variety of
computer system readable media. Such media may be any
available media that 1s accessible by computer system/server
302, and 1t includes both volatile and non-volatile media,
removable and non-removable media.

System memory 306 can include computer system read-
able media 1n the form of volatile memory, such as random
access memory (RAM) 310 and/or cache memory 312. Com-
puter system/server 302 may further include other removable/
non-removable, volatile/non-volatile computer system stor-
age media. By way of example only, storage system 313 can
be provided for reading from and writing to a non-removable,
non-volatile magnetic media (not shown and typically called
a “hard drive’). Although not shown, amagnetic disk drive for
reading from and writing to a removable, non-volatile mag-
netic disk (e.g., a “tloppy disk™), and an optical disk drive for
reading from or writing to a removable, non-volatile optical
disk such as a CD-ROM, DVD-ROM or other optical media
can be provided. In such instances, each can be connected to
bus 308 by one or more data media interfaces. As will be
turther depicted and described below, memory 306 may
include at least one program product having a set (e.g., at least
one) of program modules that are configured to carry out the
functions of embodiments of the invention.

Program/utility 314, having a set (at least one) of program
modules 316, may be stored in memory 306 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an implemen-
tation of a networking environment. The components of the
computer 2 may be implemented as program modules 316
which generally carry out the functions and/or methodologies
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8

of embodiments of the mvention as described herein. The
controllers 8a, 85, 8¢ may be implemented 1n one or more
computer systems 302, where 1f they are implemented 1n
multiple computer systems 302, then the computer systems
may communicate over a network.

Computer system/server 302 may also communicate with
one or more external devices 318 such as a keyboard, a
pointing device, a display 320, etc.; one or more devices that
enable a user to interact with computer system/server 12;
and/or any devices (e.g., network card, modem, etc.) that
enable computer system/server 302 to communicate with one
or more other computing devices. Such communication can
occur via Input/Output (I/O) interfaces 322. Still yet, com-
puter system/server 302 can communicate with one or more
networks such as a local area network (LLAN), a general wide
arca network (WAN), and/or a public network (e.g., the Inter-
net) via network adapter 324. As depicted, network adapter
324 communicates with the other components of computer
system/server 302 via bus 308. It should be understood that
although not shown, other hardware and/or software compo-
nents could be used 1 conjunction with computer system/
server 302. Examples, include, but are not limited to: micro-
code, device drivers, redundant processing units, external
disk drive arrays, RAID systems, tape drives, and data archi-
val storage systems, etc.

The terms “an embodiment”, “embodiment”, “embodi-
ments”, “the embodiment”, ‘“the embodiments”, “one or
more embodiments”, “some embodiments”, and ‘“one
embodiment” mean “one or more (but not all) embodiments
of the present invention(s)” unless expressly specified other-
wise.

The terms “including”, “comprising”, “having” and varia-
tions thereol mean “including but not limited to”, unless
expressly specified otherwise.

The enumerated listing of 1items does not imply that any or
all oI the items are mutually exclusive, unless expressly speci-
fied otherwise.

The terms “a”, “an” and “the” mean “‘one or more”, unless
expressly specified otherwise.

Devices that are 1n communication with each other need
not be 1n continuous communication with each other, unless
expressly specified otherwise. In addition, devices that are 1n
communication with each other may communicate directly or
indirectly through one or more intermediaries.

A description of an embodiment with several components
in communication with each other does not imply that all such
components are required. On the contrary a variety of
optional components are described to illustrate the wide vari-
ety of possible embodiments of the present invention.

Further, although process steps, method steps, algorithms
or the like may be described 1n a sequential order, such pro-
cesses, methods and algorithms may be configured to work 1n
alternate orders. In other words, any sequence or order of
steps that may be described does not necessarily indicate a
requirement that the steps be performed 1n that order. The
steps of processes described herein may be performed 1n any
order practical. Further, some steps may be performed simul-
taneously.

When a single device or article 1s described herein, 1t will
be readily apparent that more than one device/article (whether
or not they cooperate) may be used in place of a single
device/article. Similarly, where more than one device or
article 1s described herein (whether or not they cooperate), 1t
will be readily apparent that a single device/article may be
used 1 place of the more than one device or article or a
different number of devices/articles may be used instead of

the shown number of devices or programs. The functionality
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and/or the features of a device may be alternatively embodied
by one or more other devices which are not explicitly
described as having such functionality/features. Thus, other
embodiments of the present invention need not include the
device itsell.

The 1llustrated operations of the figures show certain
events occurring 1 a certain order. In alternative embodi-
ments, certain operations may be performed 1n a different
order, modified or removed. Moreover, steps may be added to
the above described logic and still conform to the described
embodiments. Further, operations described herein may
occur sequentially or certain operations may be processed 1n
parallel. Yet further, operations may be performed by a single
processing unit or by distributed processing units.

The foregoing description of various embodiments of the
invention has been presented for the purposes of illustration
and description. It 1s not intended to be exhaustive or to limait
the invention to the precise form disclosed. Many modifica-
tions and variations are possible in light of the above teaching.
It 1s intended that the scope of the invention be limited not by
this detailed description, but rather by the claims appended
hereto. The above specification, examples and data provide a
complete description of the manufacture and use of the com-
position of the mvention. Since many embodiments of the
invention can be made without departing from the spirit and
scope ol the invention, the ivention resides in the claims
herein after appended.

What 1s claimed 1s:

1. A computer program product for copying source data in
a lirst storage to a first data copy in a second storage, the
computer program product comprising a non-transitory coms-
puter readable storage medium having computer readable
program code embodied therein that executes to cause opera-
tions, the operations comprising:

initiating a first copy operation to copy the source data from

the first storage to the first data copy in the second
storage;

initiating a second copy operation to copy the first data

copy 1n the second storage to a second data copy 1n
response to forming a consistency group of the source
data at the first data copy consistent as of a point-in-time
with respect to the source data;

determining whether there 1s indication to pause forming,

consistency groups inresponse to completing the second
copy operation; and

initiating forming a next consistency group between the

source data and the first data copy 1n response to deter-
mining that there 1s no indication to pause forming con-
sistency groups.

2. The computer program product of claim 1, wherein the
first copy operation continually forms consistency groups for
a consistency session of the source data at the first data copy,
wherein the second copy operation comprises a point-in-time
copy operation in which the copy operation 1s completed by
establishing data structures for the second copy operation and
without copying all the data in the first data copy to the second
data copy.

3. The computer program product of claim 1, wherein the
operations further comprise:

receiving from a host a pause with consistency command;

indicating to pause forming consistency groups inresponse

to recerving the pause with consistency command and
completing the second copy operation;

receiving a resume command from the host that sent the

pause with consistency command; and

indicating to not pause forming consistency groups in

response to recerving the resume command.
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4. The computer program product of claim 1, wherein the
operations further comprise:

maintaining {irst information indicating updates to the

source storage for the consistency point that have not
been copied to the first data copy, wherein the second
copy operation 1s mitiated when the first information
indicates that all data as of the consistency point has
been copied to the first data copy;

maintaining second mnformation indicating updates to the

source storage recerved while the data indicated 1n the
first information 1s being copied from the source data to
the first data copy;

in response to completing the second copy operation,

updating the first information to indicate the updates
indicated 1n the second information; and

restarting the first copy operation to copy the updates 1ndi-

cated 1n the first information 1n response to updating the
first information with the updates indicated in the second
information.

5. The computer program product of claim 4, wherein the
operations further comprise:

indicating updates to the source storage 1n the first infor-

mation while the first copy operation 1s suspended when
indication 1s made to pause forming the consistency
groups.

6. The computer program product of claim 1, wherein the
determining whether there 1s indication to pause forming
consistency groups comprises:

determiming whether a pause flag has been set to indicate

pause 1n response to determining that the first data copy
has reached a consistency point as of a point-in-time
with respect to the source data and that the second copy
operation has completed; and

suspending the first copying in response to determiming

that the pause tlag 1s set to indicate pause.

7. The computer program product of claim 6, wherein the
operations further comprise:

receving a pause with consistency command while per-

forming the first or the second copy operation;

setting the pause flag to indicate pause in response to

receiving the pause with consistency command; and

setting the pause flag to indicate no pause 1n response 1o

receiving a resume command.

8. A system in communication with a first storage and a
second storage, comprising:

a processor; and

a computer readable storage medium having code executed

by the processor to perform operations, the operations

comprising:

initiating a first copy operation to copy source data from
the first storage to a first data copy in the second
storage;

initiating a second copy operation to copy the first data
copy 1n the second storage to a second data copy in
response to forming a consistency group of the source
data at the first data copy consistent as of a point-in-
time with respect to the source data;

determining whether there 1s indication to pause form-
ing consistency groups in response to completing the
second copy operation; and

initiating forming a next consistency group between the
source data and the first data copy in response to
receiving a resume command.

9. The system of claim 8, wherein the first copy operation
continually forms consistency groups for a consistency ses-
sion ol the source data at the first data copy, wherein the
second copy operation comprises a point-n-time copy opera-
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tion 1n which the copy operation 1s completed by establishing,
data structures for the second copy operation and without
copying all the data in the first data copy to the second data
copy.

10. The system of claim 8, wherein the operations further
comprise:

receiving from a host a pause with consistency command;

indicating to pause forming consistency groups inresponse

to recerving the pause with consistency command and
completing the second copy operation;

receiving a resume command from the host that sent the

pause with consistency command; and

indicating to not pause forming consistency groups in

response to receiving the resume command.

11. The system of claim 8, wherein the operations further
comprise:

maintaiming first mformation indicating updates to the

source storage for the consistency point that have not
been copied to the first data copy, wherein the second
copy operation 1s initiated when the first information
indicates that all data as of the consistency point has
been copied to the first data copy;

maintaining second mformation mndicating updates to the

source storage recerved while the data indicated 1n the
first information 1s being copied from the source data to
the first data copy;

in response to completing the second copy operation,

updating the first information to indicate the updates
indicated 1n the second information; and

restarting the first copy operation to copy the updates 1ndi-

cated 1n the first information in response to updating the
first information with the updates indicated in the second
information.

12. The system of claim 11, wherein the operations further
comprise:

indicating updates to the source storage in the first infor-

mation while the first copy operation 1s suspended when
indication 1s made to pause forming the consistency
groups.

13. The system of claim 8, wherein the determining
whether there 1s indication to pause forming consistency
groups CoOmprises:

determining whether a pause flag has been set to indicate

pause 1n response to determining that the first data copy
has reached a consistency point as of a point-in-time
with respect to the source data and that the second copy
operation has completed; and

suspending the first copying in response to determining

that the pause flag is set to indicate pause.

14. The system of claim 13, wherein the operations further
comprise:

receiving a pause with consistency command while per-

forming the first or the second copy operation;

setting the pause flag to indicate pause in response to

receiving the pause with consistency command; and
setting the pause flag to indicate no pause in response to
receiving a resume command.
15. A computer implemented method, comprising:
initiating a first copy operation to copy source data from a
first storage to a first data copy 1n a second storage;

initiating a second copy operation to copy the first data
copy 1n the second storage to a second data copy 1n
response to forming a consistency group of the source
data at the first data copy few consistent as ol a point-
in-time with respect to the source data;
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determiming whether there 1s indication to pause forming
consistency groups i response to completing the second
copy operation; and

imitiating forming a next consistency group between the

source data and the first data copy 1n response to deter-
mining that there 1s no indication to pause forming con-
sistency groups.

16. The method of claim 15, wherein the first copy opera-
tion continually forms consistency groups for a consistency
session of the source data at the first data copy, wherein the
second copy operation comprises a point-n-time copy opera-
tion 1n which the copy operation 1s completed by establishing
data structures for the second copy operation and without
copying all the data in the first data copy to the second data
copy.

17. The method of claim 15, further comprising:

receving from a host a pause with consistency command;

indicating to pause forming consistency groups 1nresponse
to receiving the pause with consistency command and
completing the second copy operation;

receving a resume command from the host that sent the

pause with consistency command; and

indicating to not pause forming consistency groups in

response to recerving the resume command.

18. The method of claim 15, further comprising:

maintaining {irst information indicating updates to the

source storage for the consistency point that have not
been copied to the first data copy, wherein the second
copy operation 1s mitiated when the first information
indicates that all data as of the consistency point has
been copied to the first data copy;

maintaining second mnformation indicating updates to the

source storage recerved while the data indicated 1n the
first information 1s being copied from the source data to
the first data copy;

in response to completing the second copy operation,

updating the first information to indicate the updates
indicated 1n the second information; and

restarting the first copy operation to copy the updates 1ndi-

cated 1n the first information 1n response to updating the

first information with the updates indicated 1n the second
information.

19. The method of claim 18, further comprising;:

indicating updates to the source storage in the first infor-

mation while the first copy operation 1s suspended.

20. The method of claim 15, wherein the determining
whether there 1s indication to pause forming consistency
groups COmprises:

determining whether a pause flag has been set to indicate

pause 1n response to determining that the first data copy
has reached a consistency point as of a point-in-time
with respect to the source data and that the second copy
operation has completed; and

suspending the first copying in response to determining

that the pause flag 1s set to indicate pause.

21. The method of claim 20, further comprising:

receving a pause with consistency command while per-

forming the first or the second copy operation;

setting the pause flag to indicate pause 1n response to

receiving the pause with consistency command; and
setting the pause flag to indicate no pause in response to
receiving a resume command.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

